Abstract. There are many benefits offered by integrated enterprise computer systems. There are a growing number of options available to obtain such management information system support. A major problem when selecting Enterprise Information Systems, in special ERP systems, is how to deal with the great diversity of options as well as the number of criteria used to evaluate each alternative. There is an implicit tradeoff between cost and system functionality. Total cost of ownership (TCO) is in itself very difficult to calculate accurately, and needs to be considered in light of other criteria. Published criteria for ERP selection decisions in a variety of contexts are reviewed. We also present a method which integrates a multicriteria rating strategy based on the Simple MultiAttribute Rating Theory (SMART) with the meta-method PrepareIdentify-Rate-Compare-Select (PIRCS) framework for driving the selection process. The method is demonstrated with a general ERP selection decision, but is meant as a framework that can be applied with whatever criteria decision makers deem important in the context of their specific decision.
Introduction
Organizations can benefit a great deal from integrated enterprise systems, obtaining increased data accuracy through single-source databases, more efficient operations through business process reengineering, and reduced information technology payroll. The number of options is increasing, beyond top-of-the-line vendor systems such as SAP and Oracle, through more moderately priced vendors such as Microsoft and Lawson [1] , to application service providers offering rental of enterprise computing. However, there is risk involved, especially for small businesses [2] , [3] . In specific countries, such as China [4] , Brazil [5] , and elsewhere [6] , there are additional local forms of ERP. One option that has become viable in the past decade is the open source alternative providing free software from various business models [7] . There are many enterprise system options available. When selecting an ERP option there is a general tradeoff between functionality and cost, although total cost of ownership (TCO) is a complex matter that defies accurate calculation [8] . This paper reviews criteria that have been published in the literature with respect to selection of enterprise resource planning (ERP) system. It also demonstrates how the meta-method PIRCS (prepare, identify, rate, compare, and select) [9] can be implemented through the simple multiattribute rating theory (SMART) [10] .
ERP Selection Criteria
Many papers have dealt with selection among alternative means of obtaining ERP systems. Baki and Çaki [6] reviewed criteria considered by prior studies in manufacturing firms, and conducted a survey of 55 Turkish manufacturing companies concerning the importance of these criteria, adding references, consultancy, implementation time, and software methodology to the criteria used by the prior studies. Baki and Çaki used a 1-5 Likert scale, the mean of which is reported in the last column. A rating of 1 indicated lowest possible importance and a rating of 5 indicated highest possible importance (see Table 1 ). Baki and Çaki analyzed their data for differences between organizations that adopted MRP or MRP-II systems versus those who had not. They found no statistically significant difference between these two groups. Their inference was that prior exposure was not an important factor. The results show that all factors had some positive importance (as 3 would indicate neutrality), but Table 1 indicates that external fit (such as supply chain linkage) and software factors tend to be rated higher than organizational factors such as fit, service and support, and cost. Open source ERP software is attractive for all small organizations. Three studies were found giving criteria for this domain. Criteria considered varied when selecting open source ERP as can be seen in Table 2 . Other studies have looked at specific ERP selection contexts. Table 3 demonstrates further diversity of criteria proposed for consideration in the specific context of outsourcing (or ASP provider selection): 
Modeling ERP Selection
There are a number of selection models presented in the literature. Conjoint analysis is used in marketing to determine the relative importance of product characteristics to potential clients. Keil et al. [22] conducted conjoint analysis to ERP selection, using software characteristics and implementation attributes. That study received 126 completed responses of 7 software package profiles from MIS managers of large organizations (see Table 4 ). The study modeled manager likelihood of recommending system acquisition using multiple regression, with a model adjusted R 2 of 0.506. The results indicate predominance of software factors over implementation factors. Only ease of customization was significant among the implementation factors. In this study, cost was found significant, but not as significant as software reliability and functionality. The subject firms were large. That set of ERP users can be expected to focus on getting the ERP system working. While cost is important, it's unpredictability would naturally be subsidiary to the necessity of obtaining required information system support. Ease of customization was significant, which indicates consideration of long-term life cycle cost. Ease of use was significant at a lower degree, while vendor reputation and ease of implementation were not significant. These last three factors relate to the impact of the system on the organization. MIS managers in the Keil et al. study placed less emphasis on these factors. A second type of model using criteria is for decision maker selection. Among these models are analytic hierarchy process (AHP) [4] , [23] and multiattribute utility theory, to include simple multiattribute rating theory (SMART) [10] . AHP has been the most widely used method in evaluating various aspects of ERP. Ahn and Choi [24] did so in a group context in South Korea, Salmeron and Lopez to evaluate ERP maintenance [25] , Kahraman et al. [21] to consider ERP outsourcing, and Onut and Efendigil to ERP selection in Turkey [26] . The related analytic network process [27] was used by Ayağ and Özdemir [28] and Kirytopoulos et al. [29] , allowing for feedback relationships. Olson and Wu [30] applied SMART along with data envelopment analysis to consider information system risk. One model for ERP selection used the criteria in Table 5 to compare alternative ERP vendors. That study [4] provided a thorough analysis of criteria starting with fundamental objectives for both system software factors and vendor factors, adding evaluation items at a third level, and identifying constraints reflecting means. The methodology was presented in a group decision making context. The hierarchy consisted of: factors, attributes, evaluation items and means. Another AHP model was applied to selecting an ERP system specific to clothing industry suppliers [31] . Criteria were selected based upon discussion with three such suppliers, as well as literature reviews. Criteria were: Cost Functionality Implementation approach Support Organizational credibility Experience Flexibility Customer focus Future strategy.
Cost benefit analysis was conducted for the first criterion, while AHP was used to generate a synthesis value for the other eight criteria. The ratio of synthesis value to normalized costs was used to rank alternatives. ANP was applied to benchmarking and selecting ERP systems [32] , applying the approach to an actual selection decision (see Table 6 ). [21] applied fuzzy modeling to a form of AHP for evaluation of selecting an outsourced ERP alternative. Table 7 shows the detailed criteria used by Kahraman et al. through two levels. [9] . PIRCS can be understood as a meta-method, given that it is composed by a series of procedures that should be adapted for specific purposes, according to the adopter's software evaluation culture and specific needs. PIRCS is completely compatible with the simple multiattribute rating theory (SMART) model [10] . Olson [33] presented a SMART analysis of an ERP selection decision considering the seven criteria found on Table 3 , taken from [20] . It is clear that there are many ways to approach incorporation of multiple criteria in ERP selection models. We have tried to demonstrate the importance of context with respect to the selection of these criteria. In the next section we present a model that aims at demonstrating context such as size of organization as important.
Demonstration Model for Small Business ERP Selection
It is possible to include many criteria, but it has been argued that a limited number of independent and equally scaled criteria will include the bulk of the relative importance [34] .
The PIRCS framework for evaluation of ERP alternatives consists of the following steps:
Prepare: define requirements, establish positioning strategy, identify attributes and constraints on the decision, and measures of attributes to be considered. Identify: Use searches to identify alternative ERP options and their characteristics. Rate: Establish the utility (value) of each attribute on each alternative. Compare: Apply multicriteria methods, such as AHP or SMART. Select: Consider the comparison analysis from the prior step and make the decision. The focus of this paper is to demonstrate the use of SMART as a means to implement the Compare step.
We assume the context of a small business considering the criteria and options given in Table 8 . The criteria would be identified in the Prepare step, and the options in the Identify step. The rating entries would be established in the third step, Rate. Criteria used here include cost, time, and robustness [9] , as well as the most significant criteria identified for SMEs [19] . Ratings are scaled on a 0-1 range, with 0 indicating worst possible performance, and 1 indicating best possible performance. The assignment of these values should be done in the context of the organization, reflecting values of organizational decision makers. Table 8 shows the value matrix from the PIRCS Rate step, which is input to the SMART analysis. The entries in Table 8 are of course demonstrative. Cost values reflect best estimates of total life cycle costs. While OSS without support would be free with respect to software acquisition, there would be costs of implementing as well as training users. The fourth step is to Compare. Using the SMART approach, this includes identification of relative weights of importance (scale has been removed by identifying value ratings on 0-1 scales for all attributes). Use of swing weighting would begin by ordering criteria by importance, then assigning the most important criterion a value of 100. The other criteria are assessed in turn on the basis of: if the most important criterion was swung from its worst possible state to its best possible state, how relatively important would the next criterion be worth when swung from its worst possible state to its best possible state. Standardized weights are generated by dividing each assessed relative weighting by the sum of these relative weightings. Our demonstrative developed weights are presented in Table 9 : The Select step should be done judgmentally, by the organization's decision maker. The SMART analysis should be viewed in terms of decision support (not letting the model make the final decision). However, the PIRCS framework and SMART analysis will provide decision makers with a systematic means to consider important factors and provide greater confidence in the decision. Here the Select output would multiply the ratings in Table 8 by the weights in Table 9 , yielding the relative scores shown in Table 10 . The implication is that the relatively moderate ratings over all attributes for the OSS with support fees option led to total value greater than that of the large vendor (which did very well on robustness and support, but very poorly on the other three criteria). The mid-size vendor was moderate on all criteria, but turned out to be dominated by the OSS with support fees option in the assumed context.
Conclusions and Future Research
There are many criteria that can be important in the selection of ERP systems. We have tried to show that the context in which such decisions are made is important. While there have been many studies of this matter, there is not universal agreement by any means. Furthermore, each individual organization should be expected to find various criteria critical while other criteria may be more important for other organizations. The ERP environment is also highly dynamic. In the 1990s, ERP was usually only feasible for large organizations. That is changing. A business case for evaluation of software systems of any type is challenging. Cost estimates involve high levels of uncertainty, and benefits are usually in the realm of pure guesswork. A sound analytic approach is called for, especially given the large price tags usually present in ERP systems. There is a need for a method that can consider expected monetary impact along with other factors, to include risk elements such as project time and system robustness, as well as relatively subjective elements of value such as flexibility and availability of support. The PIRCS process and SMART multiattribute analysis offer a means to systematically evaluate ERP software proposals.
Multiattribute analysis has studied decision making under tradeoffs for a long time. It is quite robust, and can support consideration of a varying number of criteria. It usually is the case that for a specific decision, a relatively small number of criteria matter. If nothing else, the simple fact that if there are seven other criteria more important, the highest relative importance an eighth criterion could have is 0.125, with a high likelihood of a much lower weight [35] . This paper had the purpose of describing how the PIRCS framework could support the critical process of ERP software alternative evaluation, along with multiattribute analysis to consider the inevitable trade-offs that are encountered in such decisions. The demonstration of the combination of the PIRCS framework and the SMART analysis shows that the huge diversity of different options on ERP systems can be managed. The combined framework has a huge potential when it comes to deal with context related factors when making a selection on what option to implement. It also concisely shows tradeoffs among criteria being considered. However, the framework is dependent on that relevant and correct data on every option is possible to have. This is especially true with respect to life-cycle cost, which is very difficult to predict for most organizations, which hopefully do not have to repeat ERP selection decisions very often.
Future research is important in understanding what criteria are important in particular contexts. For instance, free open source ERP systems are emerging, broadening the market for enterprise system support.
